A checklist of aquatic Empididae (dance flies) from Croatia (36 species in subfamily Clinocerinae and 14 species in subfamily Hemerodromiinae) is presented, including information related to the Ecoregions in which species were found and specific species traits. Clinocerinae are represented by five genera, with Wiedemannia Zetterstedt being most species rich (20 species) and Clinocerella Engel least numerous with only one species. In Hemerodromiinae there are 8 species of Chelifera Macquart and 6 species and Hemerodromia Meigen. In addition, a discussion related to the species included and excluded from the list is provided. Most species are univoltine with adults emerging in Spring and Summer, although Kowarzia barbatula Mik and Wiedemannia (Eucelidia) zetterstedti (Fallén) are present throughout the year and Wiedemannia (Chamaedipsia) aequilobata Mandaron occurrs in Winter. The Croatian species assemblage is similar to the wellstudied fauna of neighboring Slovenia (63 spp.). It is recommended that some rare species and the streams they inhabit should be considered for greater protection.
Introduction
The subfamilies Clinocerinae and Hemerodromiinae, also known as aquatic dance flies, belong to the family Empididae. Both larvae and adults are predators, primarily feeding on the larvae of Simuliidae (Vaillant 1952 (Vaillant , 1953 Werner & Pont 2003) and Chironomidae (Vaillant 1967; Harkrider 2000; Ivković et al. 2007) . Adult Hemerodromiinae are relatively poor fliers with raptorial legs. They mainly live and hunt in riparian vegetation. On the other hand, adult Clinocerinae are good and active fliers. They are also found walking over the surface of wet stones or in moss mats (Wagner 1997; Ivković et al. 2007) .
The aquatic dance fly fauna of Croatia has been sporadically investigated during the last 120 years. The first record was noted by Becker (1889) . Since then Wagner (1981 Wagner ( , 1995 , Horvat (1990 Horvat ( , 1993a and Sivec and Horvat (2002) have made contributions to the knowledge of dance fly systematics and taxonomy, including the description of new species from Croatia. The senior author has also contributed additional distribution records from Croatia resulting from research conducted in the last six years (Ivković & Horvat 2007a; Ivković & Horvat 2007b; Ivković et al. 2007 Ivković et al. , 2010 Ivković et al. , 2012 .
Regional biodiversity and distribution surveys are of immense importance for determining conservation status of species and in studying factors that influence diversity (de Silva & Medellín 2001; DeWalt et al. 2012) . In addition, reviews such as this are crucial to various state and international agencies interested in the biodiversity and conservation of aquatic dance flies in Croatia. The present paper is based on detailed analysis of all publications on aquatic dance flies known to the authors. The authors have also contributed additional records of Croatian aquatic dance flies resulting from unpublished research conducted over the last two decades.
Material and methods
Specimen records. This paper is based on a review of literature data and on unpublished data from our own researches of the aquatic dance fly fauna in Croatia. Each literature record was georeferenced as precisely as possible using ArcGIS software. The names of taxa, present in this checklist reflect current nomenclature and classifications (Sinclair 1995; Yang et al. 2007; Pape & Beuk 2012) . Locality records are listed for each species. A list of locality names including latitude, longitude, altitude and number codes (site ID) for the localities are presented in Table 1 and a map with all the sites is also provided (Fig. 1 ). Specimens were collected using sweep nets, yellow pan traps, emergence traps and by aspirator. They were preserved in aqueous ethanol (EtOH) . For the purpose of determination male terminalia were dissected. The abdomens with the genitalia were boiled in 10% KOH; afterwards they were neutralized with acetic acid, rinsed in water and identified to species level. Taxonomic diversity is considered at the level of subfamily, genus and species. European Ecoregions were taken from Limnofauna Europaea (Illies 1978) . Table 1 for codes). Data analysis. A list of species was compiled from all specimen data. Calculating diversity indexes (Shannon and Simpson index) and cluster analysis (Bray-Curtis Similarity with log-transformed data) was done only for sites which had the same or similar sampling effort. Hence, out of 102 sampled sites, we compared just 46, disregarding the remainder. Cluster analysis of sites was conducted using the similarity matrices attained from calculating the Bray-Curtis Similarity indices to distinguish which sites cluster together according to their aquatic dance fly community composition and its stream reach association. Comparison of species richness and assemblage composition with surrounding countries (Italy, Slovenia, Bosnia & Herzegovina and Hungary) was conducted by compiling species lists for those countries taken from "Fauna Europaea" (Pape & Beuk 2012) , Yang et al. (2007) and from Horvat (1993b Horvat ( , 1995a . A species by country matrix was constructed and Sørensen Index of Similarity of each pairwise comparison calculated. All indexes and cluster analysis were calculated using Primer v6 software (Clark & Gorley 2006) .
Results
Species richness and community composition. Fifty species of aquatic empidids have been recorded from Croatia (Table 2 ) from 102 locations (Fig. 1, Table 1 ). The subfamily Clinocerinae is represented by 36 species, in five genera: Clinocera Meigen (3 species), Clinocerella Engel (1 species), Dolichocephala Macquart (7 species), Kowarzia Mik (5 species) and Wiedemannia Zetterstedt (20 species). The subfamily Hemerodromiinae is represented with 14 species, in two genera: Chelifera Macquart (8 species) and Hemerodromia Meigen (6 species) ( Table 2 ). The Clinocerinae genus Wiedemannia is most species rich (40%), followed by the Hemerodromiinae genus Chelifera (16%) (Fig. 2) . The Dinaric western Balkan (Ecoregion 5) was the richer Ecoregion with 46 species, whereas the Pannonian lowland (Ecoregion 11) had only 15 species (Table 2, Table 3 ).
FIGURE 2. Species richness of Croatian aquatic Empididae genera.
Cluster analysis showed, with a few exceptions, that geographically closer sites cluster together. Similarly, sites of the same reach also exhibited close relationship (Fig. 3) . Species richness and diversity, calculated for 46 sites are presented in Table 4 . They ranged between 1-13 species, 0-2.16 for Shannon index and 0-0.87 for Simpson index, respectively. All sites with higher species richness and higher values of diversity indexes are located in the Dinaric western Balkan (Table 1, Fig 1) . Croatian aquatic dance flies. Functional niche traits. Habitat type: 1 = spring, 2 = stream, 3 = river, 4 = tufa barrier (barrage lake outlet), 5 = lake. Stream Reach: 1 = spring or upper reach, 2 = middle reach, 3 = lower reach. Voltinism U = univoltine, B = bivoltine, P = polivoltine. Occurrence: Sp = Spring, Su = Summer, A = Autumn, W = Winter, AYR = all year round. Distribution in Europe: wd = widely distributed, bd = Balkan distribution, ld = local distribution. Thermal preference (Thermal Pref.): 1 = constant temperature regime during the year, 2 = cool water (maximum temperature < 20°C), 3 = warm water (maximum temperature > 20°C).
Species
Species Clinocerella oldenbergi (Engel, 1918) Assemblage composition and species traits. The vast majority of dance fly species inhabiting Croatia are associated with springs and streams (Table 3) Only three species occur in lakes (Hemerodromia laudatoria Collin, H. raptoria Meigen and Chelifera siveci Wagner), but they all inhabit other habitats as well, especially C. siveci which is usually found in springs. Some species, such as Clinocera stagnalis (Haliday) , Kowarzia barbatula Mik, Wiedemannia (Eucelidia) zetterstedti (Fallén) and Wiedemannia (Pseudowiedemannia) lamellata (Loew) , were collected from all types of habitats except lakes. Seasonal phenology revealed that most dance fly species inhabiting Croatia are univoltine, mostly occurring in spring and summer, while Chelifera concinnicauda Collin only occurred in autumn. The species K. barbatula and W. (E.) zetterstedti occurred all year round, while only Wiedemannia (Chamaedipsia) aequilobata Mandaron had its flight period in the colder part of the year from late autumn to early spring ( The thermal associations of dance flies are not well known, but most species can be found in constant thermal habitats (e.g., springs and eucrenal zone) and cool water with the maximum water temperature (MWT) < 20°C. In contrast, Hemerodromia species are usually found in habitats with MWT > 20 °C. Wiedemannia species are usually found in constant thermal habitats all year round, with the exception of W. (E.) zetterstedti, Wiedemannia (Wiedemannia) bistigma (Curtis), W. (W.) dinarica and Wiedemannia (Wiedemannia) tricuspidata (Bezzi) ( Table 2,  Table 3 ).
Aquatic dance flies of Croatia (Empididae: Clinocerinae & Hemerodromiinae)
The following format is used for the distributional data; Literature references: name of the site and in the brackets citation of the reference and site ID; New records: name of the site and in the brackets site ID. All the sites and their numbers are listed in Table 1 .
Subfamily Hemerodromiinae

Chelifera concinnicauda Collin, 1927
Literature references. Korana Village, National Park (NP) Plitvice (Horvat 1990; Ivković et al. 2010 
Chelifera precabunda Collin, 1961
Literature references. Veličanka Stream, Velika, Papuk Mountain (Horvat 1990 ) (15); Spring Jankovac, Papuk Mountain (Horvat 1990 ) (19); Trnava, Medvednica Mountain (Horvat 1990 ) (23); Golik, River Kupa (Horvat 1990) (45) 
Hemerodromia unilineata Zetterstedt, 1842
Literature references. Stream Bračana, Abrami, Buzet, Istra (Horvat 1990 ) (28); Stream Bračana, Osoje, Buzet, Istra (Horvat 1990 ) (29); Vrbovsko, River Dobra (Horvat 1990 ) (52) New records. Novo Selište, Banija (50); Roški Slap, River Krka (86).
Hemerodromia zwicki Horvat, 1993
Literature references. River Dragonja, Oskoruš, Istra (Sivec & Horvat 2002) (26); Ugrini, Mlini, River Reka, Istra (Horvat 1993) (27) . 
Subfamily Clinocerinae
Dolichocephala guttata (Haliday, 1833)
Literature references. Korana Village, NP Plitvice (Ivković et al. 2010) (57); upper reach of Crna rijeka, NP Plitvice (Ivković et al. 2010) (65); Crna rijeka Spring, NP Plitvice (Ivković et al. 2010) (66); upper reach of Bijela rijeka, NP Plitvice (Ivković et al. 2010) (67); Bijela rijeka Spring, NP Plitvice (Ivković et al. 2010) (68); Spring Preočani, Preočki most, River Cetina (Ivković & Horvat 2007b) (91) Literature references. Crna rijeka by the bridge, NP Plitvice (Ivković et al. 2010) (64); upper reach of Crna rijeka, NP Plitvice (Ivković et al. 2010) (65); Crna rijeka Spring, NP Plitvice (Ivković et al. 2010) (66); upper reach of Bijela rijeka, NP Plitvice (Ivković et al. 2010) (67); Bijela rijeka Spring, NP Plitvice (Ivković et al. 2010) (68) .
New records. Zeleni Vir, Skrad, Gorski Kotar (48); Krupa Spring (77).
Wiedemannia ( On the other hand, some species which are listed in Pape and Beuk (2012) and Yang et al. (2007) are not included in the present checklist. We omitted Phaeobalia penicissa Becker recorded by Becker (1889) since this species was described from a site near Njeguš, which is now a part of Montenegro and therefore no longer within Croatia. Further, we excluded Chelipoda vocatoria Fallén and Phyllodromia melanocephala Fabricius, which are listed by Pape and Beuk (2012) and Yang et al. (2007) because their presence has not been confirmed in Croatia. However, it is possible that these two species do occur in Croatia, since they are present in all of the surrounding countries (Pape & Beuk 2012; Horvat 1993b Horvat , 1995 .
Species richness of both subfamilies varies between geographic regions in Europe. Clinocerinae have greater species richness in alpine streams and rivers (Vaillant 1981; Wagner & Gathmann 1996) , but they are also more species rich in streams and rivers in the Dinarids (Horvat 1993b (Horvat , 1995b (Horvat , 1997 Ivković et al. 2007 Ivković et al. , 2010 Ivković et al. , 2012 . The highest diversity of species is in the Dinaric western Balkan Ecoregion, usually at sites close to the source of the stream/river with constant water temperatures throughout the year. Cluster analysis showed that sites which are geographycally closer and belong to the same reach of watercourses cluster together, while sites 24 (Selečki most, Odra, Turopolje), 61 (Kozjak Lake, NP Plitvice) and 63 (Lake Prošće, NP Plitvice) clustered remotely from all other sites. This is not surprising since majority of sampled sites have faster water velocity, or they are on the mountains, while site 24 is a typical slow lowland river and sites 61 and 63 are lakes. Sites that cluster together have similar physical and chemical characteristics of the water (especially the temperature) and therefore they have similar fauna (Ivković et al. 2007 (Ivković et al. , 2012 . The majority of species of Wiedemannia prefer sites with constant temperatures all year round, while species of Hemerodromia prefer sites where water temperatures during summer are > 20 Σ C. Phenology patterns of aquatic dance flies in Croatia are similar to those from Central Europe (Wagner & Gathmann 1996) . Species mostly occur in spring and summer, with the exception of W. (C.) aequilobata that emerges in colder part of the year (winter) and Kowarzia barbatula and W. (E.) zetterstedti that are present all year round.
Comparison with assemblages found in surrounding countries. The country of Croatia is divided into two Ecoregions, Dinaric western Balkan (Ecoregion 5) and Pannonian lowland (Ecoregion 11). The Pannonian lowland Ecoregion is mostly till plain with mountains sporadically appearing like islands. In contrast, the Dinaric western Balkan Ecoregion consists entirely of karstic mountain ranges with sporadically placed "karst polje" (fields in karstic regions of the world). Croatia supports at least 50 species, but this is definitely not the final number. Italy and Slovenia to the west support 63 species, respectively (Horvat 1995a; Pape & Beuk 2012 ). It appears that a continuous drop of species occurs from the west toward the east, from Italy to Hungary (Fig. 4) . But this has to be taken with caution, because Slovenia has been very well studied (Horvat 1995a) , whereas Bosnia & Herzegovina is only poorly known (Horvat 1993b) .
Comparison of Sørensen's Index of Similarity suggested that Slovenian assemblages have the greatest similarity with the Croatian assemblage (Table 5 ). This was expected since the greatest species richness is found at sites located just on the border between the two countries, so they have many species in common. The lowest similarity is observed with Italy, perhaps because Croatia does not have Alps, while vast numbers of aquatic empidids are found in Italian Alps (Yang et al. 2007; Pape & Beuk 2012) . 
Concluding remarks
The Croatian aquatic dance fly fauna comprise of Palearctic taxa with the exception of C. stagnalis, which is the most widespread clinocerine (known from North America, Asia, and North Africa) (Sinclair 2008 Some species have a small area of distribution, occurring in just one or two streams/rivers (e.g., H. zwicki and W. (W.) kroatica) and can be considered rare. They should be candidates for protection as should several stream reaches (primarely upper reaches) that support high numbers of species or assemblages that are rare. The fauna of Croatia is most closely aligned with Slovenian assemblages (Table 5 ). There are still some genera that have not been recorded in Croatia but might be present as they occur in surrounding countries (e.g., Bergenstammia, Chelipoda, Phaeobalia and Phyllodromia).
Croatian species are mostly univoltine occurring in spring and summer. The majority of species inhabit thermally constant waters and they prefer habitats close to source of the stream/river.
Within Croatia, most species where reported from the Dinaric western Balkan Ecoregion. This was as expected as Dinaric region is considered as a biodiversity "hot spot" (Kryštufek & Reed 2004) . Current knowledge of the diversity of Croatian aquatic empidids is not truly realistic as it is strongly influenced by data from the area on which most research has focused during the last ten years.
The checklist presented here, only includes species for which there is good evidence for their existence in Croatia. As explained previously, we have omitted any ambiguous or doubtful data or references. This paper may serve as a baseline for planning future work, not only in Croatia, but also in surrounding countries with the lack of data on aquatic dance fly fauna (e.g., Montenegro). 
